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[57] ABSTRACT

A light source module for generating collimated laser
licht wherein a solid-state laser light source is mounted
within the bore of an optical mounting tube at a prese-
lected distance from the light output end of the tube,
and a convergent glass lens within 2 metal lens mount-
ing 1s permanently attached to the output end of the
tube, lens attachment being at a location insuring per-
manent and accurate alignment of the collimated light
output from the laser with the bore axis of the mounting
tube, and a method for making it, are described.

14 Claims, 1 Drawing Sheet

20




U.S. Patent May 23, 1995 5,418,700

[
20 ? 22
’\:\\\\\\\ \\\\\
y T
=y |="‘
I -
I8 |12 I8

Fig. /

I4

10
‘\! 30

(xy)

P

22 I 20
LN LY LA

. <X ' 10
I8 § “v‘ 5 8

wmﬂii“m

Fig. 2

\




5,418,700

1

LASER LIGHT SOURCE MODULE AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates generally to opto-elec-
tronic light sources. More particularly, the invention
relates to optical source modules and a method for
making them, the modules comprising a semiconductor
laser light source and a collimating or focusing lens
element combined into a compact and efficient photonic
(optical) source module. The module offers the advan-
tages of simple but rugged construction in combination
with controlled and reproducible light output charac-
teristics. These advantages stem from the method of
construction employed, which offers economical and
- rapid but accurate permanent alignment of the optical
source and lens elements of the modules.

Opto-electronic light sources incorporating laser di-
odes are well known, being used extensively in applica-
tions such as bar code scanners. U.S. Pat. No. 4,923,281,
for example, describes a laser diode focusing module
useful for bar code scanning applications wherein the
output from a semiconductor laser diode is collimated
and clipped by a combination of a convergent lens and
a mask or stop to provide a laser beam of controlled
alignment and shape.

However, these and other existing designs for colli-
mated laser source modules are expensive to produce
and exhibit output characteristics which are somewhat
variable and hard to control. The use of lens retaining
springs and multi-part housing components, in particu-
lar, increases manufacturing cost and limits the maxi-
mum device reproducibility and physical durability
which may be achieved.

It 1s therefore a principal object of the present inven-
tion to provide an optical source module which is both
simple in design and rugged in construction.

It 1s a further object of the invention to provide opti-
cal source module designs which offer optical beam
characteristics which are consistent and repeatable.

It i1s a further object of the invention to provide a
method for manufacturing an optical source module of
improved quality at reduced cost.

Other objects and advantages of the invention will
become apparent from the following description
thereof.

SUMMARY OF THE INVENTION

The present invention provides a solid state (semicon-
ductor laser) light source module, fabricated using a
reduced number of metal components and 2 lens ele-
ment composed of glass which is thermally and chemi-
cally compatible with the metals used. The module
features a simplified construction offering improved
device durability and stable operation in use. The inven-
tion further provides a method for fabricating the light
source module, characterized in that the compatible
metal and glass components are assembled by a proce-
dure which permits accurate and repeatable permanent
optical alignment of the components used.

- Careful selection of compatible glass and metal mate-

rials provides a subassembly wherein collimation and
- beam alignment from a solid state light source such as a
laser diode are much less affected by temperature
changes than where conventional fabrication materials
are used. Hence, in the present designs, thermal changes
in the location of the light source and/or lens focal
parameters are substantially offset by concomitant
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changes mn the dimensions of the metal components of
the device. Thus changes in the degree of collimation
and/or the alignment of the collimated beam are advan-
tageously reduced.

In a first aspect, then, the invention includes a light
source module providing a directed and collimated
light beam from a solid-state laser light source. The
module includes a metal optical mounting tube having a
central bore with, for optical reference, a optical source
end and an optical output end. Mounted on the tube are
(1) a convergent lens sealed into a central aperture in a
metal lens mounting and (ii) a solid-state laser light
source. The lens mounting and convergent lens are
affixed to the optical mounting tube at the output end
thereof, and the solid-state light source is affixed to tube
at the opposite or source end.

In order to achieve the advantages of economical
fabrication and stable and repeatable device operation,
the design of the module is such that at least one of the
lens and light source components is attached to the
mounting tube at points on or proximate to the sidewall
of the mounting tube, most preferably the inner sidewall
thereof. This design feature permits easy adjustment of
the relative positions of the lens and light source along
the central bore axis of the mounting tube, which is
generally the optical or so-called z-axis of the device. In
the preferred embodiment of the invention, the laser
light source is the component which is attached in this
manner.

The other of the lens and light source components is
attached to the tube at points lying exteriorly of the tube
bore, that 1s, at points on or proximate to the tube end-
face. This mode of attachment permits easy adjustment
of the lateral position of the component with respect to
the tube, such adjustment being termed x—y positioning
since it is an alignment of the component in the x-y
plane orthogonal to the optical or z-axis of the device.
Etither the light source or, more preferably, the lens and
lens mounting are attached to the tube in this manner.

In a second aspect, the invention comprises a method
for making an optical source module .such as above
described. In accordance with that method a metal
optical mounting tube having an source end, an output
end, and a longitudinal bore is first provided, and a
solid-state laser light source having an active laser junc-
tion is placed within the source end of the tube. The
laser is positioned such that the active laser junction is
situated on or proximate to a central bore axis of the
tube, this axis becoming, for reference, the optical axis
of the device. At this time the position of the laser is also
fixed at a preselected distance from the output end of
the tube, and is then permanently fastened to tube side-
wall, by laser welding or the like.

After attachment of the laser, the output end of the
tube 1s next brought into contact or close proximity
with a metal lens mounting, the lens mounting having a
central aperture within which is sealed a convergent
glass lens. Typically, this lens has an optical axis at or
near the center thereof. While in proximity with each
other the position of the mounting tube is adjusted rela-
tive to the lens such that the optical axis of the lens is
substantially congruent with the bore axis, ie., the opti-
cal axis of the device. The mounting tube and lens
mounting are then permanently joined, as by welding
the mounting tube to the lens mount.

‘The product of the above-described process is a light
source module which 1s both rugged in construction
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and consistent in terms of collimation quality and other
hght output characteristics. These factors, together
with the repeatability and overall economy of the mod-
ule and the process for making it, represent a significant
advance in the art of manufacturing collimated light
sources of the kind described.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be further understood by refer-
ence to the drawings wherein:

F1G. 1 shows apparatus for mounting a solid-state
laser light source within an optical mounting tube;

FIG. 2 shows apparatus for positioning a metal-
mounted convergent lens on the optical axis of an opti-
cal mounting tube; and

FIGS. 3 and 4 show light source modules provided in
accordance with the invention.

DETAILED DESCRIPTION

While essentially any conventional glass and metal
materials could in principle be used to fabricate light
source modules in accordance with the invention, sub-
stantial advantages may be derived from a careful selec-
tion of these materials. More specifically, it is found that
chemical and thermal compatibility between the glasses
selected for the lenses and the metals selected for lens
mounting and optical mounting tube components can
improve device durability and optical repeatability.

The glasses preferred for use in lens manufacture are
generally of the high-expansion optical type, so that
desirable optical properties in combination with thermal
properties appropriate for high device stability are
achieved. Among the known high-expansion optical
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glasses which may be used for lens fabrication are

glasses of alkali phosphate, alkali fluorophosphate, al-
kali aluminophosphate, and alkali aluminofluorophos-
phate type. The preferred glasses will generally have
average linear thermal expansion coefficients above
about 125X 10—7/°C. over the temperature range of

35

20°-300° C., more preferably in the 150-200% 10—7/°C. 40

regime over that temperature range.

Particularly preferred glasses are the alkali alumino-
fluorophosphate glasses, optionally comprising signifi-
cant proportions of divalent metal oxides, exhibiting
moderate softening temperatures in combination with
improved glass stability and good chemical durability.
U.S. Pat. No. 4,362,819 provides specific examples of
such preferred glasses. U.S. Pat. No. 4,391,915 discloses
other moldable phosphate glasses useful for the produc-
tion of molded lenses, while U.S. Pat. No. 4,447,550
describes glasses of lead borosilicate composition which
also exhibit relatively low softening temperatures and
could alternatively be used.

Specific examples of alkali aluminophosphate and
aluminofluorophosphate glasses which could be used
for compatible lenses in accordance with the invention
are reported in Table I below. The compositions in
Table I are reported in weight percent as calculated
from the glass batch, and average linear coefficients of

4
TABLE I-continued
_ens Glasses

Glass
Component 1 2 3
K20 —_— 4.22 4.1
ZnQO — 18.0 14.3
Ca0O — 3.76 3.7
BaO 20.1 10.3 10.1
Sb203 — 12.4 —
PbO 24.2 —_ 16.6
Al203 5.2 0.5 1.3
P205 39.2 44.5 43.6
F 4.3 —_ _—
Thermal Expansion 150 X 10—7 158 x 10-7 161 X 10-7
Coefficient
(20-300° C.)

Compatibility between the selected lens glass and the
metal materials making up structural components of the
source module in general requires reasonably good
thermal expansion matching between the glass forming
the lens and at least the metal lens mounting to be at-
tached to the optical mounting tube. Based on present
data, the difference in coefficient of expansion between
these material should not exceed about 50 “points™, ie.,
a difference not exceeding 50X 10—7/°C. between the
average expansion coefficients of the maternials in the
20°-300° C. range. More preferably, a maximum differ-
ence of 30 points will be maintained.

These expansion differentials are somewhat larger
than would appear to be acceptable for the normal
sealing of glasses to metals. However, effects such as
the high degree of non-linearity in the thermal expan-
sion behavior of the present glasses and/or a modera-
tion in the glass/metal cooling stresses arising in these
lens assemblies due to the relatively low set points of
those glasses, tend to reduce the peak stresses devel-
oped. Thus the above-disclosed expansion differentials
do 1in fact provide a useful guide to the selection of
appropriate metals and glasses in these composition
systems.

Among the metals which are preferred for providing
the metal lens mounting and other components of the
light source module of the invention are the austenitic
stainless steels. These metals not only have thermal

> expansion coefficients in the same range as high expan-
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thermal expansion are reported for each of the glasses.
TABLE 1
Lens Glasses

Glass

Component 1 2 3

Li2O 2.0 1.87 1.8

Na20 5.0 4.44 4.4

sion alkali phosphate optical glasses but also exhibit
good sealing compatibility therewith. In addition, they
are highly resistant to corrosion in use, and are readily
weldable and machinable by conventional methods.

Other metals can be substituted for the preferred
stainless steel components, although the thermal prop-
erties of such other metals may be slightly less favorable
for precision transmitters than the preferred steels. Ex-
amples of such other metals include the 400 series stain-
less steels and brass.

Table II below sets forth examples of metals which
could be used for the mounting tube and lens mounting
for the module, although such examples are intended to
be merely illustrative of the wide range of metals which
could be used.

TABLE 1I

Thermal
Metal Expansion Composition
304L 178 X 10—7 Fe + 2.0 Mn, 1.0 S,
stainless 18-20 Cr, 8-12 Ni.
steel (austenitic)
Inconel 718 142 X} 10—-7 Fe + 50-55 Ni, 17-21 Cr,
nickel-steel 4.75-5.4 Nb + Ta, 2.8-3.0 Mo.
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TABLE Il-continued

e ————— et it
Thermal

Metal Expansion Composition
ettt
alloy
cold-rolled 135 X 10—7 Fe 4 0.06 C, 0.38 Mn.
steel
420 stainless 108 X 10~7 Fe + 12-14 Cr, 1.0 Mn,
steel 1.0 Si, 0.15 C.
Cartridge 199 X 10—=7 70 Cu, 30 Zn.
brass

Conventional sealing or press mounting techniques
may be utilized to seal convergent lenses made of the
preferred high expansion glasses above described to
metal lens mountings made from the above metals.
However, the preferred practice is to seal the lens di-
rectly into a central aperture in a ring- or disk-shaped
mounting of the selected metal as the lens is being
pressed into its final optical configuration during manu-
facture. U.S. Pat. No. 4,891,053 describes one such
method for sealing; another and more preferred
method, however, is described in copending, commonly
assigned patent application Ser. No. 07/785,467, filed
Oct. 31, 1991 for a “Molded Lens with Integral Mount
and Method”, which is expressly incorporated herein
by reference for a description of that method.

The attachment of the semiconductor laser package
and. mounted lens to the optical mounting tube is best
achieved by welding, more particularly by laser weld-
ing. Welding is desirable not only from the aspect of
permitting design simplicity in the parts to be joined,
but also to help to assure device stability under a wide
range of different temperature, humidity, and other
operating conditions.

A procedure for fabricating a laser light source mod-
ule 1n accordance with the invention may be more fully
understood by reference to the drawings, as described
in the following illustrative Example. The drawings are
schematic cross-sectional views of module components
and suitable tooling for module fabrication offered for

- purposes of explanation only, and are not in true pro-
portion or to scale.

Example

With reference to FIG. 1 of the drawings, there is
first provided a fixture 8 incorporating an annular pro-
truding portion 8a on a flat horizontal base, that portion
forming a raised cylinder adapted for insertion into a
metal optical mounting tube 10. Optical mounting tube
10, consisting in this Example of a right circular cylin-
der of type 304 L austenitic stainless steel, has an outer
diameter of about 10 millimeters, an inner diameter of
about 9 millimeters, and a height of about 5 millimeters.

After the mounting tube has been positioned on the
fixture, a metal-mounted semiconductor laser diode 20
1s inserted into the top or open end of the mounting
tube, that end of the tube being referred to for reference
as the source end. Laser diode 20, which Incorporates
an active laser emitter 22, is set firmly on protrusion 8a
of the fixture, with emitter 22 being directed toward the
base thereof. Laser diode 20 suitably comprises a laser
diode such as a Toshiba TOLD-9211 laser diode, com-
mercially sold by Toshiba America Electronic Compo-
nents, Inc. of Irvine, Calif.

When laser diode 20 is positioned as shown, the emit-
ter falls substantially on center axis 12 of the mounting
tube. Further, the height of projection 8¢z is such that a
preselected spacing 16 is obtained between active laser
junction 22 and end face 18 at the bottom of mounting
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tube 10. This bottom end of the tube is hereinafter re-
ferred to as the output end of the tube, since it is the end
from which collimated laser light will be emitted.

As will be apparent from the drawing, the height of
projection 8a can be easily set to control distance 16, ic.,
the relative position of laser junction 22 along tube
center axis 12, in order to obtain accurate and repeat-
able spacing of the emitter from the output end of the
tube. Stated differently, fixture 8 transfers reference
surface 18 (the tube endface) to the base of diode 20,
endface 18 subsequently providing the surface to which
the collimating lens will be referenced.

After laser diode 20 has been positioned in the bore of
tube 10, it 1s permanently attached to the inner side wall
of the tube at attachment points lying on sidewall/diode
interface 14. Preferably, this attachment is by means of
laser welding through the wall of the tube. Of course,
this laser welding step is carried out with sufficient care
that only negligible shifts occur in the relative positions
of the tube and diode during the attachment.

Optical mounting tube 10 with attached solid state
laser 20 is next removed from fixture 8 and, as shown in
FIG. 2 of the drawing, set on a horizontally disposed
lens assembly which rests on an optical bench 40. More
specifically, tube output endface 18 of tube 10 is set on
metal lens mounting 30, this lens mounting having a
central aperture into which is sealed a convergent glass
lens 32.

In this example, metal lens mounting 30 is composed
of Type 304 L austenitic stainless steel, and has a thick-

‘ness of about 1 mm, an outer diameter of about 10 mm,

and an inner or aperture diameter of about 3 mm. The
glass lens is an aspheric lens composed of an alkali
aluminofluorophosphate optical glass having a compo-
sition, In weight percent, of about 39.2 P205, 5.0 Na20,
4.3 F, 24.2 PbO, 20.1 BaO, 2.0 Li20, and 5.2 A1203.

With the end face of optical mounting tube 18 in
proximity to lens mounting 30, the lateral (x-y) position
of the mounting tube with respect to the lens is adjusted
to bring the optical axis of lens 32 into close alignment
with the bore axis 12 of the mounting tube on which
laser emitter 22 has been positioned. Thus bore axis 12
becomes the optical axis of the device.

Best alignment of lens 32 with emitter 22 is achieved
by a procedure wherein laser diode 20 is activated to
emit a beam of laser light 24, and the position of the
laser and tube adjusted to achieve alignment of the
beam with the optical axis of the device. In the illustra-
tive apparatus shown, beam 24 transverses lens 32, exit-
ing the assembly downwardly in a direction along bore
axis 12 and through an aperture in the platform of the
optical bench to intersect a 45-degree mirror 26 on the
path of beam 24. The beam is then reflected by mirror
26 toward a remote target 28 on which the light beam
from the laser 20 may be observed. As will be apparent,
the use of the 45-degree mirror to redirect the beam is
stmply a convenience to effect a folding of the beam
path; a straight vertical or horizontal beam path to an
appropriately located remote target could alternatively
be used.

To achieve final alignment of the beam with respect
to mounting tube 10, the tube together with diode 20 are
moved laterally with respect to lens mount 30 and lens
32 to adjust the location of the image of emitter 22 on
target 28. In this way accurate and repeatable alignment
of the laser 20 and lens 32 on optical (bore) axis 12 of the
assembly may be achieved. After aligcnment of the tube
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10 and lens mounting 30 has been achieved, the lens
mounting and lens are permanently attached to the
mounting tube by means such as laser welding, thus
permanently fixing the desired alignment.

It 1s possible, and normally desirable for most repeat-
able module performance where laser welding is em-
ployed, to achieve a final adjustment of the focal point
of the device as laser welding of the mounting tube to
the lens mounting is carried out. This is done by slightly
separating tube endface 18 from lens mounting 30 just
prior to welding (a distance on the order of only a few
microns), to achieve slight defocusing of the image of
emitter 22 on target 28. This will compensate for weld
consohidation, ie., the shrinkage of the weld and proxi-
mate portions of the tube and mounting which normally
occurs as the weld is cooled. A finished source module
provided in accordance with the Example is shown in
FIG. 3 of the drawing. An alternative construction,
described above and shown in FIG. 4 of the drawing,
places light source 20 on the endface of mounting tube
10, with lens 32 and its mount being positioned within
the tube for attachment to the tube sidewall.

The performance advantages of laser light source
modules provided utilizing the preferred materials and
structure shown and above described are several. First,
because of the balanced thermal expansion characteris-
tics of the austenitic stainless steel mounting compo-
nents and the preferred alkali fluorophosphate lens
glasses (including the desirable relationship between
lens refractive characteristics and temperature), the
source module exhibits substantial independence from
temperature effects which otherwise degrade high or
low temperature device operation. Hence the expansion
of the mounting tube is sufficiently compatible with
dimensional changes in the lens that only minor changes
in beam output are observed to result from changes in
the temperature of the device.

Of course, while the invention disclosed herein has
been described with respect to specific materials and
specific procedures applicable to the fabrication of im-
proved collimated laser light source modules in accor-
dance therewith, it will be recognized that those materi-
als and procedures are presented for purposes of illus-
tration only and are not intended to be limiting. Thus
numerous modifications and variations upon the com-
positions, structures, and processes specifically de-
scribed herein will doubtless be resorted to by those
skilled in the art within the scope of the appended
claims. *

We claim:

1. A light source module for generating collimated
laser light which comprises:

a stainless steel optical mounting tube having a bore,

a tube sidewall, and opposing tube endfaces;

a single convergent glass lens sealed to a stainless

steel lens mounting, the glass lens being composed
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of a high-expansion optical glass having an average
Iinear thermal expansion coefficient above
125 10—7/°C., the mounting and lens being af-
fixed to the optical mounting tube at a first end and 60
at a location positioning the lens on a central axis of
the bore, and the glass lens and metal lens mounting
having a difference in thermal expansion coeffici-
ent not exceeding about 50X 10—7/°C.;

a solid-state laser light source affixed to the optical 65
mounting tube at a second end thereof:

at least one of the lens and light source being attached

to the mounting tube at points on or proximate to

8

the tube sidewall and the other of the lens and light
source being attached to the tube at points on or
proximate to the tube endface;

whereby thermal changes in light source location or

lens focal parameters are offset by dimensional
changes in the stainless steel components of the
modaule.

2. A light source module in accordance with claim 1
wherein the optical mounting tube is a one-piece cylin-
drical metal tube and wherein the optical axis of the lens
coincides with the central axis of the mounting tube.

3. A light source module in accordance with claim 2
wherein the solid state light source is a laser diode
source element having a light-emitting region disposed
on the lens optical axis and within the source end of the
tube.

4. A hght source module in accordance with claim 3
wherein the source element is bonded to the tube at one
Or more points on Or proximate to the tube sidewall of
the tube.

5. A light source module in accordance with claim 4
wherein the convergent lens and metal lens mounting
are sealed to the tube at one or more points on or proxi-
mate to the tube endface at the output end of the tube.

6. A light source module in accordance with claim 1
wherein the high expansion optical glass is selected
from the group consisting of alkali phosphate, alkali
fluorophosphate, alkali alumino-phosphate, and alkali
aluminofluorophosphate glasses having average linear
coefficient of thermal expansion of at least about
125x10—7/°C. over the temperature range of 20°-300°
C.

7. A light source module in accordance with claim 6
wherein the high expansion optical glass is an alkali
aluminofluorophosphate glass having an average linear
coefficient of thermal expansion in the range of about
150-200x 10—-7/°C. over the temperature range of
20°-300° C.

8. A light source module in accordance with claim 7
wherein the optical mounting tube is composed of a
metal selected from the group comnsisting of austenitic
stainless steels and 400 Series stainless steels.

9. A method for making a light source module which
comprises the steps of:

providing a stainless steel optical mounting tube hav-

ing a tube sidewall, opposing tube endfaces, and a
longitudinal bore;
placing a solid-state laser light source having an ac-
tive laser junction within the bore at a first end of
the mounting tube, placement being such that the
junction is positioned on or proximate to a central
bore axis within the tube, and at a preselected dis-
tance from the output end;
fastening the light source to the tube sidewall;
placing a second end of the tube on a stainless steel
lens mounting, the lens mounting having a central
aperture within which is sealed a single convergent
glass lens composed of a high expansion optical
glass having a central optical axis;
positioning the mounting tube with respect to the lens
mounting such that the optical axis of the lens is
substantially congruent with the bore axis;

slightly separating the mounting tube from the lens
mounting; and

welding the mounting tube to the lens mount.

10. A method 1n accordance with claim 9 wherein the
source element is welded to the tube at one or more
points on or proximate to the inner sidewall of the tube.
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11. A method in accordance with claim 9 wherein the
convergent lens 1s formed of a high expansion optical
glass selected from the group consisting of alkali phos-
phate, alkali fluorophosphate, alkali alumino-phosphate,
and alkali aluminofluorophosphate glasses having aver- 5
age linear coefficient of thermal expansion of at least
about 125X 10—7/°C. over the temperature range of
20°-300° C.

12. A method in accordance with claim 11 wherein
the high expansion optical glass i1s an alkali alumino- 10
fluorophosphate glass having an average linear coeffici-
ent of thermal expansion in the range of about
150-200< 10—7/°C. over the temperature range of
20°-300° C.

13. A method in accordance with claim 11 wherein 15
the optical mounting tube is composed of a metal se-
lected from the group consisting of austenitic stainless
steels and 400 Series stainless steels.

14. A light source module for generating collimated
laser light which comprises: 20

a metal optical mounting tube composed of austenitic

stainless steel and having a bore, a tube sidewall,
and opposing tube endfaces;
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a single convergent glass lens sealed to a metal lens
mounting, the mounting and lens being affixed to
the optical mounting tube at a first end of the tube
with the lens on a central axis of the bore, the glass
lens being composed of a high expansion optical
glass selected from the group consisting of alkali
phosphate, alkali fluorophosphate, alkali alumino-
phosphate, and alkali fluoroaluminophosphate
glasses having an average linear thermal expansion
coefficient in the range of 150-200X 10—7/°C. over
the temperature range of 20°-300° C.; and

a solid-state laser light source affixed to the optical
mounting tube at a second end thereof; and
wherein:

the light source is attached to the mounting tube at
points on or proximate to the tube sidewall;

the lens is attached to the tube at points on or proxi-
mate to the tube endface;

the convergent glass lens is formed of a high expan-
sion optical glass; and

the module exhibits substantial independence from

beam output changes due to temperature etfects.
*x X %X x ¥
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